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Abstract: Sustainable production of renewable energy is being frequently debated globally
since it is increasingly understood that first generation biofuels, primarily produced from
food crops and mostly oil seeds are limited in their ability to achieve targets for biofuel
production, climate change mitigation and economic growth. Currently, biodiesel is made
from a variety of feedstocks, including pure vegetable oils, waste cooking oils, and animal
fat; however, the limited supply of these feedstocks impedes the further expansion of
biodiesel production.
Microalgae have been recognized as potentially good sources for biofuel production because
of their high oil content and rapid biomass production. In recent years, use of microalgae as
an alternative biodiesel feedstock has gained renewed interest from researchers,
entrepreneurs, and the general public. Food sourced feedstocks biodiesel concerns have
increased the interest in developing second generation biofuels produced from non-food
feedstocks such as microalgae, which potentially offer greatest opportunities in the longer
term. Using algae as a feedstock for biodiesel has been considered for a number of years, but
it has always had limitations, due mainly to the production methods used to grow and
harvest the algae.
This paper reviews the current status of microalgae use for biodiesel production, including
their cultivation, harvesting, and processing. The microalgae species most used for biodiesel
production are presented and their main advantages described in comparison with other
available biodiesel feedstocks. The various aspects associated with the design of microalgae
production units are described, giving an overview of the current state of development of
algae cultivation systems (photo-bioreactors and open ponds). Other potential applications
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and products from microalgae are also presented such as for biological sequestration of
CO2, wastewater treatment, in human health, as food additive, and for aquaculture.
Keywords: Sustainable energy, biodiesel, algae, biomass.
1. INTRODUCTION
Renewable energy plays a critical role in addressing issues of energy security and
climate change at global and national scales. High petroleum prices demand the
study of biofuel production. Lower-cost feedstocks are needed since biodiesel from
food-grade oils is not economically competitive with petroleum-based diesel fuel.
Biodiesel is produced currently from plant and animal oils, but not from
microalgae. This is likely to change as several companies are attempting to
commercialize microalgal biodiesel. Biodiesel is a proven fuel. Technology for
producing and using biodiesel has been known for more than 50 years (Knothe et
al., 1997; Fukuda et al., 2001; Barnwal and Sharma, 2005; Demirbas, 2005; Van
Gerpen, 2005; Felizardo et al., 2006; Kulkarni and Dalai, 2006; Meher et al.,
2006).  Production of biodiesel from micro algae is a newly emerging field and
appears to be a potential alternative. Biodiesel is produced from microalgal oil, thus
crude fossil petroleum can be substituted by mass cultured biomass’s microalgal oil
for eco-sustainable biodiesel production in the near future. Sources of commercial
biodiesel include canola oil, animal fat, palm oil, corn oil, waste cooking oil, and
jatropha oil. The use of plant oils for fuel production is however highly
controversial and requires resources such as arable land which may not be available
in large enough quantities to meet fuel requirements of a designated area and will
greatly affect food security. One of the most efficient ways is through utilization of the
algal oils to produce biodiesel. Some algae can even produce hydrogen gas under specialized
growth conditions. More than 95% of biodiesel sources are first generation
agricultural edible crop oils. First generation biofuels have a great impact on food
security and have the potential to increase the cost of food crops such as soybean
thus also making biodiesel production more expensive. Second generation biofuels
such as jatropha oil, waste cooking oil and animal fats do not affect food security
and have significant advantages over first generation oil crops. Microalgae have
greater photosynthetic efficiency than terrestrial plants and require very little simple
nutrients supply for growth. The lipid content of microalgae, on a dry cellular
weight basis generally varies between 20% and 40%, however lipid contents as high
as 85% have been reported for certain microalgal strains.
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2. MICROALGAE
Microalgae are the largest autotrophic microorganisms of plant life taxa in the
world. Microalgae are known to synthesise and can rapidly accumulate substantially
higher amounts of lipids than terrestrial plants due to their high growth rates,
concomitantly by alteration of the lipid biosynthetic pathways for storage as neutral
lipids. Microlgae, recognised as one of the oldest living organisms, are thallophytes
(plants lacking roots, stems, and leaves) that have chlorophyll a as their primary
photosynthetic pigment and lack a sterile covering of cells around the reproductive
cells. While the mechanism of photosynthesis in these microorganisms is similar to
that of higher plants, they are generally more efficient converters of solar energy
because of their simple cellular structure. In addition, because the cells grow in
aqueous suspension, they have more efficient access to water, CO2, and other
nutrients. Microalgae can be either autotrophic or heterotrophic. If they are
autotrophic, they use inorganic compounds as a source of carbon. Autotrophs can
be photoautotrophic, using light as a source of energy, or chemoautotrophic,
oxidizing inorganic compounds for energy. If they are heterotrophic, microalgae use
organic compounds for growth. Heterotrophs can be photoheterotrophs, using light
as a source of energy, or chemoheterotrophs, oxidizing organic compounds for
energy. Microalgae are able to fix CO2 efficiently from different sources, including
the atmosphere, industrial exhaust gases, and soluble carbonate salts. Fixation of
CO2 from atmosphere is probably the most basic method to sink carbon, and relies
on the mass transfer from the air to the microalgae in their aquatic growth
environments during photosynthesis. However, because of the relatively small
percentage of CO2 in the atmosphere (approximately 0.036 %), the use of terrestrial
plants is not an economically feasible option.
2.1. Algae as a Bioenergy Source
Algae can also be used to generate energy in several ways.  Thus, microalgae can
provide feedstock for renewable liquid fuels such as biodiesel and bioethanol. The
idea of using microalgae as a source of biofuel is not new, but it is now being taken
seriously because of the rising price of petroleum and, more significantly, the
emerging concern about global warming that is associated with burning of fossil
fuels. Algal biomass contains three main components: carbohydrates, proteins, and
lipids/natural oils. Microalgae grow very quickly compared to terrestrial crops. They
commonly double in size every 24 hours. During the peak growth phase, some microalgae
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can double every 3.5 hours (Chisti 2007). Microalgae have very short harvesting life
that are capable to allowing multiple and continuous harvesting of biomass year
round unlike oilseed crops. Microalgae require less freshwater for cultivation than
terrestrial plants. Microalgal cultivation can occur on non-arable land, in brackish
water thus reducing strain on resources required for the production of food crops
whilst reducing other environmental effects. There is no need for use of chemicals
such as herbicides or pesticides thus reducing costs and environmental impacts
(Rawat 2013). In addition to producing biofuel, algae can also be explored for a
variety of other uses, such as fertilizer, pollution control, and human nutrition.
Certain species of algae can be land-applied for use as an organic fertilizer, either in
its raw or semi-decomposed form (Thomas 2002).
2.2. Algae Mass-Cultivation Systems
Most microalgae are strictly photosynthetic, i.e., they need light and carbon dioxide
as energy and carbon sources. This culture mode is usually called photoautotrophic.
Some algae species, however, are capable of growing in darkness and of using
organic carbons (such as glucose or acetate) as energy and carbon sources. After
selecting the microalgae strain to obtain the product of interest, it becomes
necessary to develop a whole range of bioprocesses that make viable its
commercialization. Thus, the design and optimization of adequate bioreactors to
cultivate these microorganisms is a major step in the strategy that aims at
transforming scientific findings into a marketable product. Despite of many possible
applications, only a few species of algae are cultured commercially because of poorly
developed microalgal bioreactor technology. Cultivation systems of different designs
attempt to achieve these characteristics differently.
Open ponds are the oldest and simplest systems for mass cultivation of microalgae.
In this system, the shallow pond is usually about one-foot deep, and algae are
cultured under conditions identical to their natural environment. Open ponds are
the oldest and simplest systems for mass cultivation of microalgae. In this system,
the shallow pond is usually about one-foot deep, and algae are cultured under
conditions identical to their natural environment.
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Figure 1. Open pond system
Enclosed photobioreactors have been employed to overcome the contamination and
evaporation problems encountered in open ponds (Molina Grima et al. 1999).
These systems are made of transparent materials and are generally placed outdoors
for illumination by natural light. The cultivation vessels have a large surface area-to-
volume ratio. Despite the relative success of open systems, recent advances in
microalgal mass culture require closed systems, as many of the new algae and algal
high-value products for use in the pharmaceutical and cosmetics industry must be
grown free of pollution and potential contaminants such as heavy metals and
microorganisms.
Figure 2. Photobioreactor Systems
Tubular PBRs can be horizontal/serpentine, near horizontalverticalinclined and
conical-shaped. Microalgae are circulated through the tubes by a pump, or
preferably with airlift technology. Generally these PBR systems are relatively cheap,
have a large illumination surface area and have fairly good biomass productivities.
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The advantages of enclosed photobioreactors are obvious. They can overcome the problems
of contamination and evaporation encountered in open ponds (Molina Grima et al. 1999).
Disadvantages include fouling, some degree of wall growth, dissolved oxygen and
CO2 along the tubes, and the pH gradients that lead to frequent re-carbonation of
the cultures, which would consequently increase the cost of algal production.
Figure 3
2.3.Harvesting methods
Given the relatively low biomass concentration obtainable in microalgal cultivation
systems due to the limit of light penetration (typically in the range of 1-5 g l-1) and
the small size of microalgal cells (typically in the range of 2-20 μm in diameter),
costs and energy consumption for biomass harvesting are a significant concern that
needs to be addressed properly.
Flocculation can be used as an initial dewatering step in the bulk harvesting process
that will significantly enhance the ease of further processing. This stage is intended
to aggregate microalgal cells from the broth in order to increase the effective
‘‘particle’’ size.
Some strains naturally float at the surface of the water as the microalgal lipid
content increase. Although flotation has been mentioned as a potential harvesting
method, there is very limited evidence of its technical or economic viability.
Centrifugation involves the application of centrifugal forces to separate microalgal
biomass from growth medium. Once separated, microalgae can be removed from
the culture by simply draining the excess medium.
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Filtration is the method of harvesting that has proved to be the most competitive
compared to other harvesting options. There are many different forms of filtration,
such as dead end filtration, microfiltration, ultra filtration, pressure filtration,
vacuum filtration and tangential flow filtration.
3. CONCLUSION
The production cost of algal oil depends on many factors, such as yield of biomass
from the culture system, oil content, scale of production systems, and cost of
recovering oil from algal biomass. Currently, algal-oil production is still far more
expensive than petroleumdiesel fuels. microalgal biodiesel is technically feasible. It is
the only renewable biodiesel that can potentially completely displace liquid fuels
derived from petroleum. Algal biofuel is an ideal biofuel candidate which eventually
could replace petroleum-based fuel due to several advantages, such as high oil content, high
production, less land, etc. Technological developments, including advances in
photobioreactor design, microalgal biomass harvesting, drying, and processing are
important areas that may lead to enhanced cost-effectiveness and therefore, effective
commercial implementation of the biofuel from microalgae strategy.
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